Abstract Various extraction solvents and sonication treatment times were compared to determine antioxidant activity and polyphenol composition in mulberry (Morus alba L.) fruits of the Gwasang No. 2 variety. Mulberry fruits were extracted with ethanol, methanol, acidic methanol (0.1% HCl), or acidic ethanol (0.1% HCl) with 0-60-min sonication to measure total phenolic content and antioxidant activity (DPPH radical scavenging activity). Moreover, a high-performance liquid chromatography method to analyze polyphenol compositions in mulberry extracts was developed and levels of common polyphenolic compounds in the different extracts were determined. The effects of different methanol ratios in acidic aqueous methanol (0-100%) on individual polyphenol contents in the extracts after 30 min of sonication were investigated. The total phenolic contents of the extracts using acidic methanol and sonicated for 60 min were significantly higher than phenolic contents upon extraction with other solvents and sonication times (p \ 0.001). Interestingly, antioxidant activity of the extracts using acidic ethanol sonicated for 60 min was significantly higher than that of other extracts (p \ 0.001). Cyanidin-3-glucoside and 3-rutinoside were the major polyphenol compounds in all mulberry extracts. Cyanidin-3-glucoside and 3-rutinoside concentrations were highest in the acidic methanol extract sonicated for 30 min (15,664 and 19,630 lg/g DW) (p \ 0.001). The acidic methanol extract sonicated for 30 min contained significantly higher polyphenolic compound content than that of other extracts (p \ 0.001). A decreased methanol ratio (0-80%) in acidic aqueous methanol resulted in chlorogenic acid overestimation in mulberry extracts. Thus, acidic 100% methanol with 30-min sonication is recommended for polyphenol analysis in mulberry.
Introduction
Polyphenol is a secondary metabolite contributing antioxidant activity [1, 2] , anti-inflammatory, and anticancer properties in plants [3, 4] . Berries are well known for their high levels of polyphenols, and berry cultivation is increasing worldwide. There are various types of berries such as blueberries, strawberries, raspberries, and mulberries. Among them, mulberries have been used in Chinese folk medicine to protect against liver disease and lower fever [5] . Mulberries are rich sources of polyphenols, especially cyanidin-3-O-glucoside, a kind of anthocyanin [6] . The cyanidin-3-O-glucoside levels in mulberries are about 23-fold higher than levels in grapes [7] . Research on mulberries has been continuously increasing. For example, chemical compositions such as sugar, fatty acid, and mineral content in mulberries were determined [8] . Additionally, other studies have compared antioxidant capacity and anthocyanin composition in different mulberry varieties [5, 9, 10] . However, each study used different extraction methods, such as different extraction solvents and sonication treatment time. For example, Bao et al. [11] determined phytochemicals and antioxidant activity in mulberry extracts without sonication. On the other hand, Natic et al. [12] added acidic methanol to mulberry samples and sonicated for 1 h [11, 12] . Therefore, it is difficult to compare the antioxidant capacity of mulberry fruit samples extracted with different solvents and sonication treatment times. Additionally, there is a lack of research on the changes in antioxidant capacity of mulberries that occur by adding acidic extraction solvents and different sonication treatment times. There is little information on individual polyphenolic compound levels in mulberry extracts extracted with different solvents and different sonication times.
Therefore, in this study, we investigated the effects of different extraction solvents (methanol, ethanol, acidic methanol, and acidic ethanol) and sonication time (0, 5, 15, 30, 60 min) on total phenolic content, antioxidant activity (DPPH radical scavenging activity), and individual polyphenol composition of mulberry fruits.
Materials and methods

Chemicals and reagents
Cyanidin-3-O-glucoside and pelargonidin-3-O-glucoside were purchased from Extrasynthese (Lyon, France), and other chemicals and reagents were purchased from SigmaAldrich (St. Louis, MO, USA).
Mulberry samples
Mulberry fruits (cv. Gwasang No. 2) were obtained from Jeongeup, Jeollabuk-do, South Korea in June, 2016, immediately after harvest. The samples were freeze-dried directly. The freeze-dried samples were vacuum sealed and stored at -80°C until analysis.
Sample preparation
After grinding the freeze-dried mulberry samples, the powder was passed through a sieve and 0.3 g of the powder was mixed with 30 mL of an extraction solvent (i.e., methanol, ethanol, methanol acidified with 0.1% HCl, or ethanol acidified with 0.1% HCl). The mixture was sonicated for 0, 5, 15, 30, or 60 min in a Bransonic CPX3800 ultrasonic digital bath (Branson Ultrasonics Corporation, Danbury, CT, USA). The supernatant was collected and the left solid parts of mulberry samples were extracted again per each extraction. For comparing solvents, 0, 20, 40, 60, 80, or 100% aqueous methanol (v/v) acidified with 0.1% HCl was used for comparing polyphenol extraction after 30-min sonication. Then, the extract was centrifuged at 4°C at 10,6219g for 15 min and the supernatant was filtered through a 0.45 lm PTFE filter before analysis. Each extraction was repeated in triplicate.
Total phenolic content measurement
The total phenolic content was determined by a modified Ceymann's method [13] . Briefly, 40 lL of diluted mulberry extracts was added to 50 lL of 1 N Folin-Ciocalteu reagent and reacted for 1 min. Then, 160 lL of 2% sodium carbonate was added to the mixture, and the mixture was incubated at 37°C for 30 min. Then, the absorbance at the wavelength of 700 nm was measured using a spectrophotometer. Total phenolic content was calculated using a gallic acid standard.
DPPH radical scavenging activity DPPH radical scavenging activity measurement was conducted by a modified Vieira's method [14, 15] . The extracts were reacted with 15 mM DPPH in ethanol at 25°C for 15 min. Then, the absorbance was measured at 517-nm wavelength using a spectrophotometer (Thermofisher, Vantaa, Finland). The experimental results were expressed as Trolox equivalents lg/g DW.
Analysis of polyphenolic composition by HPLC
Polyphenol composition was analyzed using HPLC (Agilent 1260 Infinity II LC system, Agilent, CA, USA). The polyphenol was separated on a Zorbax Eclipse XDB-C18 (4.6 9 250 mm, 5 lm, Agilent, CA, USA) column. HPLC conditions were modified from Ludwig's method [16] . The injection volume of the mulberry extracts was 20 lL and the column oven temperature was kept at 40°C. The flow rate was 1.0 mL/min. HPLC mobile phase comparisons were conducted to determine the optimum organic phase (methanol or acetonitrile) and acids [formic acid, acetic acid, or trifluoroacetic acid (TFA)] for improving separation. Compared with 1% formic acid in methanol as an organic mobile phase with gradient, separations of 11 authentic polyphenol standards were better in 1% formic acid in acetonitrile (data not shown). The 11 compounds were possibly present phenolic compounds in mulberry fruits, based on previous studies. Therefore, acetonitrile was chosen as an organic mobile phase. Figure 1 shows the chromatograms for 3 different acids (formic acid, acetic acid, or trifluoroacetic acid) in aqueous and organic mobile phases. These acids are generally used in HPLC analysis of polyphenols. When TFA was used, all peaks were separated; however, many peaks were co-eluted for 1% formic acid and 1% acetic acid. Thus, (A) 1% TFA in water and (B) 1% TFA in acetonitrile were chosen for mobile phases. The mobile phase consisted of a gradient method of (A) 1% TFA in water and (B) 1% TFA in acetonitrile: 0-6.5 min, 10-12% (B); 6.5-10.5 min, 12-13% (B); 10.5-33 min, 13-17% (B); 33-60 min, 17-65% (B); and 60-70 min, 65-95% (B). The column was equilibrated again before running the next samples. Phenolic compounds were detected at 320 nm for chlorogenic acid, 360 nm for rutin, and 520 nm for anthocyanins (cyanidin-3-O-glucoside, cyanidin-3-O-rutinoside, and pelargonidin-3-O-glucoside, respectively).
A spike-recovery test was performed by adding 150 lg chlorogenic acid, 150 lg rutin, and 480 lg cyanidin-3-glucoside to a mulberry fruit cultivar (Morus Lhou (Ser.) Koidz. Daeja) with very low levels of these polyphenolics.
Extraction accuracy was calculated by comparing the added amount and the measured amount of each standard.
Statistical analysis
The statistical analysis was performed using IBM SPSS (ver. 23.0, IBM Corp, Armonk, NY, USA). The results of all experiments are expressed as mean ± standard deviation. To compare the effect of different extracting solvents and sonication time on total phenolic content, antioxidant activity, and individual polyphenol content of mulberry fruits, analysis of variance (ANOVA) was performed, followed by the Duncan's post hoc test. To determine the interaction of extracting solvent and sonication time, multivariate analysis of variance (MANOVA) was also performed. Results and discussion
Comparison of total phenolic content with different extraction solvents and sonication times
The total phenolic contents of mulberry extracts are shown in Fig. 2 . Total phenolic content was significantly lower in the ethanol extract than other extracts including methanol extract for the same sonication time (p \ 0.001). This seems to be due to the difference in polarity between methanol and ethanol [17] . When the acidic organic solvents were compared with the organic solvents, the total phenolic contents of the extracts obtained from the acidic organic solvent was significantly higher than the total phenolic contents from the organic solvents (p \ 0.001). Acidic extraction solvents appear to denature the cell membrane and allow dissolution of anthocyanins [18] . The acidic methanol extracts had the same or higher total phenolic content than the acidic ethanol extracts with 5-min sonication time (p \ 0.001). Therefore, it seems to be appropriate to extract polyphenolics by acidic methanol if sonication time is short. Total phenolic contents also significantly differed depending on sonication treatment time (p \ 0.001). Total phenolic content increased with increasing sonication time. The total phenolic contents of the extracts with acidic organic solvents (both ethanol and methanol) treated with 60-min sonication were significantly higher than those treated with 0-30-min sonication time (p \ 0.001). Interestingly, extracts of acidified methanol with 5-min sonication time showed the second highest total phenolic contents. Thus, for total phenolic content extraction, acidic methanol with 5-min sonication time could be an option to reduce extraction time.
Comparisons of DPPH radical scavenging activity with different extraction solvents and sonication times
The changes in DPPH radical scavenging activity are shown in Fig. 3 . DPPH radical scavenging activity was significantly lower in ethanol extracts than in methanol extracts for the same sonication time (p \ 0.001). There were no significant differences between methanol and acidified methanol for the same sonication times of 0, 5, 15, and 60 min regarding DPPH radical scavenging activity (p \ 0.001). However, samples extracted with acidified ethanol showed significantly higher DPPH radical scavenging activity than samples extracted with ethanol for the same sonication time (p \ 0.001). Interestingly, the acidic ethanol extract showed the same DPPH radical scavenging activity as the acidic methanol extract (p \ 0.001). The DPPH radical scavenging activity was significantly increased with sonication treatment time, regardless of solvent used (p \ 0.001). This result was in accord with earlier study [19] . From these results, it seems that 60-min sonication time with acidified ethanol or methanol could be the best extraction regime (Fig. 3) .
Comparisons of individual polyphenol compounds using HPLC with different extraction solvents and sonication times Figure 4 shows the HPLC chromatograms and spectrums of chlorogenic acid, rutin, cyanidin-3-glucoside, cyanidin-3-rutinoside, and pelargonidin-3-glucoside. Table 1 shows the regression equation, response linearity, linear dynamic range, LOD, and LOQ of the quantified polyphenol compounds. Linearity of all compounds (R 2 ) was between 0.9992 and 0.9999. The linear dynamic range was 0.5-10 ppm for chlorogenic acid, rutin, and pelargonidin-3-glucoside and 5-100 ppm for cyanidin-3-glucoside and cyanidin-3-rutinoside. The LOD of all compounds was 0.04-0.10 ppm, and the LOQ of all compounds was 0.12-0.30 ppm. Table 2 shows multivariate analysis of variance (MANOVA) results of total phenolic contents, DPPH radical scavenging activity, and contents of individual polyphenol compounds. Most factors showed significant differences in different extraction solvents and sonication times (p \ 0.05). However, pelargonidin-3-glucoside contents were not significantly different among different sonication times. There were interactions between extraction solvents and sonication time (p \ 0.05). Table 3 and Fig. 5 show quantified amounts of individual polyphenol compounds in mulberry extracts according to extraction conditions. Chlorogenic acid concentrations were slightly or not changed as sonication treatment time increased for the same extraction solvent (p \ 0.001); however, chlorogenic acid concentrations were significantly different in different extraction solvents for the same sonication time (p \ 0.001). Chlorogenic acid levels were significantly higher in acidic organic solvent extracts than in organic solvent extracts for the same sonication time (p \ 0.001). The chlorogenic acid levels were higher in acidic methanol extracts than acidic ethanol extracts for the same sonication time (p \ 0.001). Flavonoids can be degraded into phenolic acids under acidic conditions. This may increase chlorogenic acid levels in acidic organic solvents. Rutin and pelargonidin-3-glucoside also showed the highest levels in acidic methanol extracts (p \ 0.001), similar to chlorogenic acid, regardless of sonication time. For the same extraction solvent, there were no or slight changes in rutin and pelargonidin-3-glucoside concentrations (p \ 0.001). Thus, extraction solvent seems more important than sonication treatment time when extracting chlorogenic acid, rutin, and pelargonidin-3-glucoside.
Cyanidin glycosides such as 3-glucoside and 3-rutinoside were the major anthocyanin components in the mulberry extracts, as reported previously [6] . Cyanidin-3-glucoside and 3-rutinoside concentrations were significantly lower in 100% ethanol extract than in other solvents (p \ 0.001). Cyanidin-3-glucoside concentrations were significantly lower in the 100% methanol extracts than in the acidic methanol solvent without sonication treatment (p \ 0.001). However, when extracts were treated with sonication, 100% methanol extracts showed higher or equal cyanidin glycoside concentrations than acidic organic solvents (i.e., acidic ethanol and acidic methanol) for the same sonication time (p \ 0.001). In addition, the cyanidin-3-glucoside concentrations increased with increasing Cyn-3-glc, cyn-3-rut, pel-3-glc stand for cyanidin-3-O-glucoside, cyanidin-3-O-rutinoside, and pelargonidin-3-O-glucoside, respectively. LOD and LOQ stand for limit of detection and limit of quantification, respectively sonication time from 5 to 30 min, but significantly decreased when sonication was applied for 60 min for 100% methanol, acidic ethanol, and acidic methanol (p \ 0.001). In the presence of acid, degradation was greater. For example, when sonication time increased from 30 to 60 min, cyanidin-3-glucoside concentration changed from 16,443 to 15,719 lg/g (4% decrease) in methanol extract and cyanidin-3-glucoside concentration changed from 15,664 to 14,126 lg/g (10% decrease) in acidic methanol extract. Previously, 1-h sonication time with acidic methanol was used for polyphenolic compound extraction in mulberry samples [12] . However, based on our finding, a sonication time of 60 min for acidic methanol is not ideal for extracting cyanidin glycosides Cyn-3-glc, cyn-3-rut, and pel-3-glc stand for cyanidin-3-O-glucoside, cyanidin-3-O-rutinoside, and pelargonidin-3-O-glucoside, respectively
NS not significant *, ** Significant differences at p \ 0.05 and 0.01, respectively from mulberries. Protocatechuic acid is a reported degradation product of cyanidin [20] . The degradation of cyanidin glycosides may have decreased the cyanidin glycoside concentrations upon 60-min sonication treatment. It is possible that total phenolic contents and DPPH radical scavenging activity were increased by cyanidin degradation products such as protocatechuic acid after 60 min of sonication. The total polyphenol content was determined by adding the contents of the five quantified components. Acidic methanol extracts contained a significantly higher total polyphenol content than extracts of the other three solvents (ethanol, acidic ethanol, methanol) (p \ 0.001) as shown in Fig. 5 . The total polyphenol content of extracts using acidic methanol and sonicated for 30 min was 37,000 lg/g DW, and these extracts had significantly higher polyphenol content than other extracts (p \ 0.001). Therefore, it seems appropriate to use sonication treatment for 30 min and acidic methanol solution as an extraction solvent for polyphenol analysis of mulberry fruits using HPLC. Table 4 shows the effect of methanol ratios in acidic aqueous methanol (0-100% methanol) on polyphenol contents in mulberry extracts. All extracts were treated with 30-min sonication before HPLC analysis. There were no significant differences in concentrations of cyanidin-3-glucoside and 3-rutinoside, or total polyphenol compounds by extracting with different methanol concentration.
To determine extraction accuracy, a spike-recovery test was conducted for chlorogenic acid, rutin, and cyanidin-3-glucoside using acidic 100% methanol for 30-min sonication. Recovery rates were 102, 78, and 91% for chlorogenic acid, rutin, and cyanidin-3-glucoside, respectively. Then, Mean values followed by defend letters indicate significant differences for the same compound at p \ 0.001. Cyn-3-glc, cyn-3-rut, and pel-3-glc stand for cyanidin-3-O-glucoside, cyanidin-3-O-rutinoside, and pelargonidin-3-O-glucoside, respectively the area of each compound in the chromatograms from the extracts with 0-80% acidic methanol were used to estimate % recovery of chlorogenic acid, rutin, and cyanidin-3-glucoside in different extraction conditions. In 0-80% acidic methanol, chlorogenic acid levels were overestimated (137-189%). As a result, acidic 100% methanol seems appropriate as an extraction solvent to determine polyphenol compositions in mulberry after 30-min extraction. In addition, anthocyanins are reportedly stable in acidic conditions [21] . In summary, 1% TFA in water and 1% TFA acetonitrile were optimum mobile phases for HPLC analysis of polyphenolics found in mulberry extracts. Total phenolic analysis and antioxidant analysis (DPPH assay) results showed that acidic methanol or acidic ethanol treated with sonication for 60 min would be optimal. However, total phenolic and antioxidant activity was higher at 60 min because of cyanidin degradation products when sonication was treated for 60 min, as shown in individual polyphenol analysis using HPLC. It would be appropriate to use 30-min sonication time with acidic methanol to analyze polyphenol contents in mulberry.
